An efficient route to natural occurring methyl 6-bromoindolyl-3-acetate 1c from methyl indolyl-3-acetate 3 was achieved in 3 steps and 68% overall yield. Thus, in order to regioselectively brominate 3 at the C6-position, introduction of electron withdrawing substituents at N1 and C8 was affected to give intermediate 4 in 82% yield. Bromination of 4 with 8 equiv of bromine in CCl 4 and washings with aqueous Na 2 SO 3 gave 5 in 86% yield, which was N-and C-decarbomethoxylated by treatment with NaCN in DMSO, affording 1c in 97% yield. The regioselectivity of bromination was evidenced by NMR spectroscopy and X-ray diffraction analysis.
A wide variety of indoles with bromine atoms at the benzene ring of the indole nucleus have been isolated as secondary metabolites from marine invertebrates, such as bryozoans, coelenterates, sponges and tunicates [1a-g] . Examples of these compounds are 1a-f and 2a-c (Figure 1) . Compounds 1a-f were isolated from the marine sponges Pseudosuberites hyalines [2a] and Smenospongia sp. [1d,2b] , from which indoles 1c and 1f were found to inhibit the growth of Staphylococcus epidermidis [1d] . While 6-bromotryptamine 2a was isolated from Didemnum candidum [1c], 6-bromo-N b -methyl-N b -formyltryptamine 2b and deformylflustra-bromine B 2c were isolated from Flustra foliacea [3a,b] . Tryptamine 2c has shown affinities in the lower micromolar range for the neuronal nicotinic acetylcholine receptor (nAChR) [3b] .
Regioselective bromination at the benzenoid ring of the indole nucleus is important for the synthesis of C6-brominated biologically active indole natural products owing to the problems associated with isomer separation and concomitant diminished yields. However, due to marked reactivity of the pyrrole moiety, the regioselective bromination at the benzene portion is difficult [4] . At this respect, it is known that the reactivity of the pyrrole moiety of indoles towards bromination varies greatly with the electronic nature and the steric effects of the substituents at the C3-position. With rather neutral substituents, mixtures of isomeric 2,4-, 2,5-and 2,6dibromides have been largely formed [5] , as in the case of 3, which by reaction with NBS in CCl 4 gave a mixture of 2,4-and 2,6-dibromides [5b] . Both, reduction of the electron density in the five membered ring by π-conjugated electron-withdrawing substituents, as well as neutral but sterically hindered substituents [5c] suppresses bromination at the C2-position, affording mixtures of 5-and 6-isomeric indole bromides [6] . Therefore, with the aim to overcome these limitations for the preparation of C6-brominated indoles two other alternatives are often employed: a) starting from a suitable functionalized benzene derivative already carrying the bromine atom, followed by annulation of the pyrrole portion to generate the indole system [2a,7] , and b) by bromination of the aromatic ring of indolines, followed by oxidation to the corresponding indoles [8] .
The increasing importance of 6-bromoindoles in the total synthesis of natural products prompted us to challenge the possibility to develop a regioselective simple, efficient and high yielding method for the preparation of 1c using excess Br 2 in CCl 4 , as depicted in Scheme 1. In the course of our studies towards the synthesis of biologically active indole derivatives, we found a simple route to convert cheap commercially available 3 into the 6-bromo analog 1c, in fairly good yield (Scheme 1), in which the main step is the regioselective bromination of 4 to afford the 6-bromoindole 5 [9] .
Our synthetic strategy towards the regioselective preparation of 1c consisted of attaching appropriate substituents to 3 in order to avoid polybromination of the indole skeleton. An easily removable carbamate group for N-protection resulted well suited for this purpose [10a] , and therefore indole derivative 4 was obtained from 3 in 82% yield [10b] . It has been demonstrated that indolylmalonates of type 4 undergo oxidation in competition with the well-known aromatic bromination when reacted with bromine either in CCl 4 or AcOH [10c]. We recently described a highly regioselective method for the bromination of 4 at C8 [10d] using 2 equiv of Br 2 in CCl 4 . Thus, under this protocol we found that the best result was obtained when indolylmalonate 4 was treated with 8 equiv of Br 2 in CCl 4 for 24 h at room temperature to give 5 in 86% yield. Although only 2 equiv of Br 2 are formally needed to achieve bromination of 4 to obtain 5, excess bromine [11] gave consistently better yields and faster reactions. The position of the bromine atom in the benzene ring of 5 was confirmed by its 1 H NMR spectrum, in which the signal for H7 appears at 8.26 ppm (d, J = 1.9 Hz), at a higher frequency as compared to the chemical shift of the other aromatic protons, a fact due to the deshielding of the C=O carbamate group [5b]. Compound 5 efficiently crystallized and its crystal structure is shown in Figure 2 (Table) .
Finally, 6-bromoindole 5 was converted into the natural product 1c in 97% yield when treated with DMSO/NaCN/H 2 O [12] (68% overall yield from 3). It is worth noting that the synthesis of 1c has been affected from expensive 4-bromo-2-nitrotoluene, or from very expensive (Aldrich Handbook of Fine Chemicals 2009-2010) 6-bromoindole in 30% and 48% yield, respectively [2a] .
Bromination of 4 should actually give 6 (98%) [10d] (Scheme 2), which under excess bromine affords a mixture of 7a and 7b in a 9:1 ratio, as evidenced by 1 H NMR analysis of the crude reaction mixture. It is important to note that only 7a could be isolated from the mixture by fractional crystallization, since we were unable to separate the mixture of 7a and 7b by column chromatography due to product decomposition.
It is interesting to note that when 6 was brominated under the same reaction conditions used to brominate 4, a mixture of 6 and 7a was obtained in a 1:1 ratio as evidenced by 1 H NMR analysis of the crude reaction mixture. This result suggests that bromination of 6 at position C6, starting from 4 to give 7a, is accelerated by the presence of HBr formed in situ once C8 has been brominated. Treatment of the 7a and 7b mixture with an aqueous solution of NaHSO 3 eliminated the excess bromine and permitted the spectroscopic identification of 7a [10d]. However, when this mixture was treated with an aqueous saturated solution of Na 2 SO 3 , the elimination of the bromine atom at C8 was promoted with concomitant formation of 6-bromoindole 5 and 2,6-dibromoindole 8 in 86% and 8% yield, respectively. To study the influence of the carbamate group in 4 for the bromination process, N-methyl indole 9 was synthesized according to Scheme 3.
Compound 9 was easily obtained in 99% yield when 4 was treated with NaH/DMF to remove the -CO 2 Me group, followed by methylation. When 9 was treated with 8 equiv of Br 2 in CCl 4 polybrominated indole 10 was obtained in 93% yield. The X-ray structures of 9 and 10 are shown in Figure 3 (Table) . Finally, to evaluate the steric effect of the substituents at position C3, indole derivatives 11a,b were synthesized according to literature [13] and then treated under the same reaction conditions used to brominate 4 affording 2,6,8tribromoindoles 12a and 12b as the mayor products in 18% and 48% yield, respectively. It is worth noting that bromine atom at C8-position in 12a and 12b is not removed by treatment with Na 2 SO 3 . Thus it seems clear that electron attracting groups at N1, C8 and sterically bulky groups at C8 in 4 are essential to direct the bromine atom to C6, decreasing the possibility to incorporate the halogen atom at C2 [10a] .
In summary, a facile protocol for the bromination of indole 3 to obtain 1c has been carried out. The key step of this synthesis should be the regioselective C6 bromination of 4.
Experimental
Melting points were determined on a Büchi B-540 apparatus and are uncorrected. IR spectra were recorded on a Perkin Elmer 2000 FT-IR spectrophotometer. The 400 and 100 MHz 1 H and 13 C NMR spectra were obtained on a JEOL Eclipse+ 400 spectrometer and the 300 and 75 MHz 1 H and 13 C NMR spectra were obtained on a Varian Mercury-300 spectrometer using CDCl 3 or DMSO-d 6 as the solvent and TMS as the internal reference. The spectral assignments were confirmed by standard procedures (HETCOR, HMQC, FLOCK and HMBC). Chemical shifts are reported as follows: chemical shift from TMS, integration, multiplicity (s = singlet; d = doublet; t = triplet; br = broad), coupling constants (Hz) and assignment. Low-resolution mass spectra were recorded on a Varian Saturn 2000 ion trap (IT) spectrometer (70 eV ion source, temperature 170°C). Microanalytical determinations were performed on a Perkin Elmer 2400 Series PCII apparatus. Analytical thin-layer chromatography (TLC) was performed on silica gel 60 F 254 coated aluminum sheets (0.25 mm thickness) with a fluorescent indicator. Visualization was accomplished with UV light (254 nm). Flash chromatography was done using silica gel 60 (230-400 mesh) from Aldrich. 5, 7a, 8, 12a and 12b : To a solution of indoles 4, 11a or 11b (0.5 g, 1.64 mmol) in CCl 4 (25 mL) was added Br 2 (674 L, 13.09 mmol) at once and the resulting mixture was stirred at room temperature for 24 h. The mixture was shaken with a 10% aqueous solution of NaHSO 3 (30 mL) during 20 min to obtain 7a or with a saturated solution of Na 2 SO 3 (30 mL) for 24 h to obtain 5, 8, 12a and 12b. The aqueous phase was separated and extracted with CH 2 Cl 2 (2 x 50 mL), and the combined organic layers were washed with brine (2 x 30 mL), dried over Na 2 SO 4 , filtered and evaporated under reduced pressure. The crude reaction mixture containing 7a allowed crystallization from EtOAc/hexane (1:1, v/v). The crude reaction mixture containing 5 and 8 was purified by silica gel column chromatography eluting with EtOAc/hexane (2:3, v/v), while for 12a and 12b EtOAc/hexane (1:9, v/v) was used. (14); anal. C 46.89%, H 3.66%, N 3.43%, calcd for C 15 H 14 NO 6 Br, C 46.90%, H 3.67%, N 3.65%. (11); anal. C 38.83%, H 2.80%, N 2.77%, calcd for C 15 H 13 NO 6 Br 2 , C 38.91%, H 2.83%, N 3.02%.
Preparation of indoles
Dimethyl 2-(2,6-dibromo-1-carbomethoxy-1H-indol-3 (17), 303 (5); anal. C 31.02%, H 1.89%, N 3.29%, calcd for C 11 H 8 NO 2 Br 3 , C 31.20%, H 1.83%, N 3.12%. -2-(2,6-dibromo-1-carbomethoxy-3 (54); anal. C 32.02%, H 1.83%, N 2.87%, calcd for C 13 H 10 NO 4 Br 3 , C 32.27%, H 2.08%, N 2.89%.
Methyl

2-bromo
Preparation of methyl 2-(6-bromo-1H-indol-3-yl)acetate (1c):
To a solution of 5 (100 mg, 0.260 mmol) in DMSO (1 mL) was added NaCN (10 mg, 0.204 mmol) in H 2 O (0.2 mL). The resulting mixture was stirred at 180°C for 2 h and then concentrated in vacuo to a syrup. The residue was dissolved in EtOAc (50 mL), washed with brine, dried over anhydrous Na 2 SO 4 , and concentrated in vacuo. The crude product was purified by flash column chromatography eluting with EtOAc/hexane (1:4, v/v), to afford 1c as a pale yellow oil (0.067 g, 97%). Spectral data were in agreement with literature values. [2a] Preparation of dimethyl 2-methyl-2-(1-methyl-1Hindol-3-yl)-malonate (9): To a cooled (0 °C) solution of 4 (0.500 g, 1.64 mmol) in DMF (15 mL) was added NaH (0.117 g, 4.88 mmol) and MeI (508 L, 8.2 mmol) followed by stirring at room temperature for 4.5 h. The volatiles were evaporated and the residue was diluted with EtOAc (100 mL). The organic layer was washed with brine (2 x 20 mL), dried over Na 2 SO 4 and evaporated to dryness in vacuo. The residue was purified by flash column chromatography eluting with EtOAc/hexane (1:4, v/v), to afford 9 as a pale yellow solid (0.450 g, 99%). MP: 70-72ºC (EtOAc/hexane). IR (KBr)  max : 3010, 2995, 2956, 1741, 1718, 1457, 1254, (11); anal. C 65.53%, H 6.11%, N 4.85%, calcd for C 15 H 17 NO 4 , C 65.44%, H 6.22%, N 5.09%. 2-methyl-2-(2,5,6,7tetrabromo-1-methyl-1H-indol-3-yl)-malonate (10) . To a solution of indole 9 (0.100 g, 0.36 mmol) in CCl 4 (20 mL) was added Br 2 (149 L, 2.90 mmol) at once and the resulting mixture was stirred at room temperature for 24 h. The mixture was treated with a 10% aqueous solution of NaHSO 3 (25 mL) and stirred for 20 min. The aqueous phase was separated and extracted with CH 2 Cl 2 (50 mL), The combined organic layer was washed with brine (2 x 20 mL), dried over Na 2 SO 4 , filtered and evaporated to dryness under reduced pressure to afford 10 as a pale brown solid. Crystallization from EtOAc/hexane gave colorless crystals (0.2 g, 93%). MP: 149-150°C. IR (KBr)  max : 3006, 2952, 2942, 2918, 1749, 1720, 1449, 1274 , 1211 cm -1 . 1 H NMR (CDCl 3 , 400 MHz):  7.51 (1H, s, H-4), 4.16 (3H, s, N-CH 3 ), 3.82 (6H, s, 2 CO 2 CH 3 ), 1.92 (3H, s, C-CH 3 ). 13 C NMR (CDCl 3 , 100 MHz)  170.7 (2 C=O), 134.4 (C-7a), 128.2 (C-3a), 122.9 (C-6), 122.4 (C-4), 118.6 (C-2), 116.6 (C-5), 112.7 (C-3), 108.1 (C-7), 55.0 (C-8), 53.5 (2 CO 2 CH 3 ), 35.9 (N-CH 3 ), 22.7 X-Ray diffraction analysis of 5, 9 and 10: The studies were done on a Enraf-Nonius CAD4 system using Cu Kα monochromated radiation (λ = 1.54184 Å). Diffracted data were corrected for absorption using the RefDelF software and the structures were solved by direct methods using the SIR-97 [14] program, both included in the WINGX v1.6 package [15] . The structural refinement was carried out by full-matrix least squares on F 2 . The non-hydrogen atoms were treated anisotropically, and the hydrogen atoms, included in the structure factor calculation, were refined isotropically. Atomic coordinates, bond lengths, bond angles, anisotropic thermal parameters, hydrogen coordinates, calculated and observed structure factors and torsion angles are in deposit at the Cambridge Crystallographic Data Center.
Preparation of dimethyl
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